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Abstract

Objectives Researchers investigating the effects of computer use and the development of musculoskeletal disorders have mainly focused on
the effects of prolonged muscle loading associated with postures assumed during computer use in the adult population. The objective of this
study was to investigate the effects of different forms of old and new information technology (IT) on muscle activity levels in a paediatric
population.

Design A 3 x 3 x 2 mixed model design was used for this study.

Participants Thirty-two schoolchildren aged 4—17 years participated in this study.

Outcome measuresSurface electromyography (EMG) data were collected from the left and right cervical erector spinae and upper trapezius
muscles. Participants performed a 5-minutes reading task using the three IT types (book, laptop and desktop computer).

Results Cervical erector spinae and upper trapezius muscle activity levels were significantly higher when children used the laptop set-up
(P<0.001). The lowest muscle activity levels were found when children used the desktop set-up. Cervical erector spinae and upper trapezius
muscle activities were found to be higher on the left side in the book set-up compared with higher right muscle activity levels in the computer
set-ups P=0.047 and <0.001, respectively).

Conclusions The three IT types had different effects on cervical erector spinae and upper trapezius muscle activity, suggesting varying risks
associated with different IT types. Activity levels were often above 5% maximum EMG (MEMG). As adult studies have linked activity levels
greater than 5%MEMG with the development of musculoskeletal disorders, it seems that children are potentially at risk of replicating these
adverse health reactions associated with adult IT use.
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Introduction disorders is knowf2-5]. Associated risks may be direct, due

to the physiological and biomechanical stresses associated

Computers have become an essential tool for many adultswith computer use, or indirect, due to sustained postures

in modern society and are now becoming widely used by that may limit important musculoskeletal stimuli that are
children. The Australian Bureau of Statistics found that 95% essential for normal musculoskeletal development. Other
of Australian school-aged children use computers (94% negative outcomes could include psychosocial factors such
in school and 76% at home), with 74% of children using as an aversion towards computer use, decreased educational
computers two or more times a wefld. This increase in  productivity and success, and decreased competency in a
computer use by children has the potential to mimic the modern society6]. As well as individual costs, there could
adult population, in which an association between computer be significant costs to the community arising from increased
use and the risk of developing pain and musculoskeletal healthcare demands and decreased work performance.

However, despite the suspected risks, little research has been
— _ conducted directly on children and computer use, and thus
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information technology (IT), mainly books. Available class- this study was to measure neck muscle activity in children
room space and workstation dimensions may not be suitableusing old and new IT types at a standard school desk/chair
for new forms of IT, such as computdig. Recent studies  set-up used in Australian schools. The research hypotheses
have found an inappropriate user-workstation dimensional were that there would be a difference in muscle activity be-
matching in classrooms and a marked lack of attention andtween the three conditions (book, laptop and desktop), and
commitmentin the design of ergonomically suitable facilities that there would be interaction effects between IT type and
for children to use at schof8—-10]. To further complicatethe  age group based on differences in height between the age
situation, the design of computers is changing, with children groups. The findings may enable a better understanding of
now using both desktop and laptop computers. Laptops arepotential factors associated with the development of negative
designed to be portable, compact and lightweight; however, health reactions related to IT use by children.

these attributes may come at a cost as the specialised features

may force users into constrained postures, and therefore mayMetho d

introduce unique implications concerning physiological and

postural effects compared with other IT types. The changing Design

design of IT and increasing patterns of computer use by

children both highlight the need to assess risk factors in A 3 x 3x 2 mixed model design was used with one

order to develop appropriately designed workstation envi- petween-subject factor (age group: 4-8 years, 9—12 years and
ronments in order to minimise the potential for T-related 13-17 years) and two within-subject factors (IT type: book,
musculoskeletql disorders as seen in the adult population. |aptop and desktop; side: left and right). Muscle activity of
The underlying factors in the development of muscu- the left and right cervical erector spinae (CES) and upper
loskeletal disorders in adult computer users are thought totrapezius (UT) muscles was recorded as %MEMG (maxi-
be multiple and complex, and include both physiological mum electromyography output during a voluntary isometric
and psychological factors. Muscle activity and posture of the contraction) whilst children performed a 5-minutes reading

head, neck and shoulders are thought to be important physi+ask for each of the three IT types in a laboratory setting.
ological factord11]. Research on adults has shown that the

static neck muscle activities associated with prolonged com- participants
puter use results in prolonged periods of heightened intramus-
cular pressures. Intramuscular homeostasis may be disrupted, Schoolchildren were recruited by notices placed in
and the day-to-day accumulation of damage may manifestschool newsletters and community newspapers in the Perth
as symptoms of discomfort and eventually lost productivity metropolitan area. The inclusion criteria required that the
and increased risk of musculoskeletal inj{iry1L2]. The rel- participants were of the appropriate age (4-17 years), had
atively high cumulative incidence of neck and back pain in no known musculoskeletal condition or visual impairment,
adolescents may be related to sedentary and static posturesyere right-handed in using the computer mouse, and satis-
for example, those adopted during IT y&8-15] fied the 5th—95th percentile for height and weight based on
A useful and measurable risk factor identified in the de- Australian normative data provided by the West Australian
velopment of musculoskeletal disorders is static loading of Department of Health. Of the 33 children recruited for the
muscles using electromyography (EMG) to measure the mus-study, data from one subject were discarded due to excessive
cle activity as a percentage of maximum voluntary contrac- noise in the EMG signal. Of the remaining 32 children, there
tion (%MVC). Research has found that there is a high rate were 20 males and 12 females. There were nine children in
of musculoskeletal disorders among adult workers having the younger age group (4-8 years old), 11 children in the
to adopt postures that generated considerable static load irmiddle age group (9-12 years old) and 12 children in the
the neck and shoulders. ‘Static load level is defined as the older age group (13—17 years old). Participants were divided
10th percentile of the level of muscle contraction during an according to their age in years with the aim of reflecting typi-
observation period. Jonssft6] made recommendations on  cal school groupings and growth phasEsble 1presents the
load levels based on studies of muscular endurance; duringrape 1
constrained static work with a duration of 1 hour or greater, Descriptive statistics according to age group division

static load level should not exceed 2%MVC and must Not pegcriptor Age group
exceed 5%MVC. This finding was supported by further re- ,
searcr{2,17,18] Young Middle Old

Although it is probable that the adverse physiological (r8years) (9-12years) (13-17years)
health reactions seen in adult computer users will be repli- :\:":‘rf;g:miol)z) g ZS g
cated in the paediatric population, to date, there has beenygignt (kg)-mean (s.0.) 23.8 (6.5) 39.0 (6.0) 63.8 (19.3)
little research directed at IT use by children, and there have Range 18.0-36.0 31.7-52.6 36.0-107.0
been no studies investigating muscle activity in children us- Height (cm)-mean (S.D.) 118.6 (11.3) 147.8(4.7)  169.9(9.4)
ing computers. Given the lack of data concerning muscle Range 99.0-133.0  142.0-159.0  151.0-186.0

Age (years)-mean (S.D.) 5.6 (1.5) 10.5(1.3) 14.4 (1.1)

activity associated with computer use by children, the aim of
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